Disarticulation through the knee has several advantages over above-knee amputation: in particular, the long endbearing stump facilitates balance and control of the prosthesis. Disadvantages are a tendency to slow healing of the wound, lack of an internal knee mechanism in the artificial limb, and the bulky appearance of the limb. The results of rehabilitation could be improved by careful selection of patients and attention to operative detail; stump bandaging and exercises; earlier attendance at the limb-fitting centre to be measured for pylon or artificial limb; and improvements in design and production of prostheses.
Introduction
Disarticulation at the knee has long been recommended as an alternative to above-knee amputation, particularly in children and in the elderly: yet of all lower-limb amputees who first attended limb-fitting centres in Britain from 1958 to 1962, only 3.5% had undergone disarticulation, in contrast to 55.6% with amputations through the thigh-a ratio of 1:16. It is probable that through-knee amputation would have been surgically feasible in a much higher proportion; should, then, a wider use of this amputation be encouraged, in the light of the patients' progress through limb-fitting and rehabilitation?
The present paper is based on a study of 106 through-knee amputees first seen at the Manchester limb-fitting centre during the years 1957-65 (Table I ). These represent 3.6% of the 2,967 lower-limb amputees seen in that period. All surviving patients were followed up for two years or more. Year .... 1957 Year .... 1958 Year .... 1959 Year .... 1960 Year .... 1961 Year .... 1962 Year .... 1963 Year .... 1964 Year .... 1965 No. of cases.. One problem in fitting a through-knee amputation stump is that the presence of the lower end of the femur makes it difficult to incorporate an internal knee-control mechanism in the artificial limb. Reasons for Amputation The reasons for amputation are shown in Table II . Most amputations in the younger group followed accidents on the road or at work, whereas those in older patients were performed mainly for arteriosclerotic or diabetic gangrene and other vascular disorders. Among the other causes were poliomyelitis (seven cases) and malignancy (six cases). There were eight bilateral through-knee amputees (including the five children with congenital deformities) and seven patients with either aboveknee or below-knee amputation of the other leg. the operation, may interfere with the blood supply to the anterior flap, and decreases the area of weight-bearing (Vitali and Harris, 1964) . The patella had been removed or retained in about equal numbers of our patients, and no significant difference in rate of healing was found between the two groups.
From the limb-fitting angle it is an advantage to retain the patella, the patellar ligament and hamstrings being sutured to the cruciate ligaments in the intercondylar notch.
The Prosthesis Once the stump is healed, and post-operative oedema reduced by firm binding with a crepe or Rayolast bandage and by stump exercises, the patient can be measured for an artificial limb (Fig. 1) . The limb commonly used-and supplied to 62 of If the stump will not tolerate full end-bearing, because of extensive scarring for example, a socket is made that will carry part or all of the patient's weight through the ischial tuberosity. For the 101 patients in this series (Table IV) -has a leather lacing socket, shaped from a cast of the stump. The socket opens down its front to admit the bulbous end of the stump, which bears on a sponge-rubber pad in the lower end of the socket.
The socket is connected through side-steels and ball-bearing joints to the light metal (or fibreglass) shin ( Fig. 2A) . A ringcatch knee lock may be fitted for elderly patients of poor physique, or if the stump is weak-for example, following poliomyelitis. This was done in 47 cases, though seven of these patients were able to walk on level ground with the knee unlocked. The limb is suspended from a shoulder-brace or waist-belt, attached to the socket behind and through a forked strap to the top of the shin in front; but some amputees do without any support other than the socket itself. Pylons.-Forty-three patients were supplied in the first instance with a rocker-based pylon or a pair of short pylons (Table IV) . Most were later given full artificial limbs, but three children went through an intermediate stage wearing pylons with feet (Fig. 3) . Ten adults (of average age 75), through debility or being double amputees, had pylons only, and three others died before a limb could be fitted. The reasons for fitting pylons in these 43 cases were: delayed stump healing (10), old age or other disabilities (16), bilateral amputationchildren (4), bilateral amputation-adults (7), and earlier ambulation (6). The pylon, having an open-ended socket with full ischial bearing, can be used when the stump is still unhealed or has tender adherent scars: in other cases an endbearing pad may be added (Fig. 4) . Its lightness is an advantage to many patients in the early stages. The sooner a pylun is fitted the more readily will the patient regain his sense of balance, and training a patient to walk on the artificial limb will be easier if he has already used a pylon.
Walking Instruction.-This was given either in the walkingtraining school of the limb-fitting centre or at the patient's local hospital. The limb fitted with a knee lock presents little problem. A free knee, however, requires the amputee, at the end of the forward swing, to strike the heel firmly on the ground and keep the stump pressed backwards during the stance (weight-bearing) phase, in order to stabilize the knee in extension. As the natural leg assumes weight-bearing the artificial leg is swung forward, allowing the knee to flex (Fig. 5) .
Results of Limb Fitting
Walking Ability All patients fitted with artificial limbs were divided into four grades (Table V) . Those 
Discussion
Through-knee disarticulation has certain advantages over amputation through the thigh (Gillis, 1954 (Gillis, , 1964 Kelham, 1957) :
(1) The operation is relatively bloodless, and less liable to postoperative haematoma than are higher amputations involving division of muscle bellies.
(2) Since the thigh muscles (in particular the extensors and adductors of the hip) are preserved there is little tendency for flexion or abduction contractures to develop in the stump.
Only two patients among the present series showed such deformities-a child (Fig. 3) in whom bilateral 30' flexion contractures were corrected by muscle-release operations, and a man aged 49 whose hip contracture was part of his long-standing rheumatoid arthritis.
(3) The long stump forms a powerful lever to activate the artificial limb.
(4) The stump is naturally suited to transmit the patient's weight to the artificial limb through the femoral condyles. Improved proprioception aids the patient's balance and control over the limb-an important consideration in the elderly or blind. End-bearing also frees the hip region and reduces the likelihood of " roll of flesh " or such complications as epidermoid cysts and abscesses developing in the adductor area of the thigh.
(5) The bulbous lower end of the stump helps to keep it in the socket of the artificial limb, and in some cases no other suspension is needed.
(6) Retention of the lower femoral epiphysis in children allows the stump to go on growing, but at a reduced rate, so that by the end of the growth period the patient may have a stump which can be fitted into an above-knee type of prosthesis and which at the same time will tolerate end-bearing.
The disadvantages of through-knee amputation are surgical and prosthetic. The main surgical drawback is the frequency of delayed healing, commonly due to ischaemic necrosis of the anterior flap. To avoid this it has been suggested that (1) the posterior skin flap should be cut as long as possible without bringing the suture line on to the weight-bearing area-thus the anterior flap can be made correspondingly shorter; and (2) when dissecting the anterior flap from the tibial tubercle, skin and patellar ligament are reflected together, keeping the di'section close to bone to avoid disturbing the blood supply to this flap (Ministry of Health, 1966) .
Prosthetic disadvantages are twofold.
(1) Since the artificial limb lacks a knee-control mechanism (due to the presence of the femoral condyles) these patients find it harder to develop a natural gait than do above-knee amputees wearing a limb with adjustable friction control or with the newer stabilized knee device. It should, however, be remembered that a knee lock is available if needed, and that a high proportion of elderly above-knee amputees also depend on a knee lock for stability when walking. (2) The bulky appearance of the through-knee prosthesis, in contrast with the streamlined effect of an aboveknee limb (Fig. 2B) , must be taken into account when deciding the level of amputation in women.
Owing to the various factors involved in the choice of amputation site by individual surgeons, no attempt is made, in this retrospective survey, to draw a statistical comparison between through-knee and above-knee amputation. Nevertheless, the results in the present series would seem to justify a more frequent use of through-knee amputation, at least in certain groups -for example, elderly patients, younger males, and children. While primary healing of the wound is of first importance there are, besides, a number of ways in which the period of rehabilitation of these amputees could be shortened and their walking ability improved.
(1) Fitness of patient and stump is maintained by preoperative and postoperative physiotherapy, and by stump bandaging and exercises (Humm, 1965) .
(2) Early reference to the limb-fitting centre-the patient should be sent as soon as the wound is healed, and in uncomplicated cases not later than four weeks from the date of amputation. This is the joint responsibility of the staffs of hospital and limb centre.
(3) Pylons (which can now be supplied in a few days) are more and more being used to get patients walking sooner, thereby shortening their stay in hospital., Pylons have been fitted as early as two weeks after amputation (Harris, 1967) and by the more specialized technique of immediate postoperative fitting (Vitali and Redhead, 1967) .
(4) New techniques of assembling artificial limbs, applied to through-knee prostheses, would enable them also to be fitted much sooner than at present. External knee-control mechanisms are being developed, and a hydropneumatic swingphase control is already in use in the United States (Mazet and Hennessy, 1966 
